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Abstract 



PROBLEM TO BE SOLVED: To provide a large-sized wafer heating device, which is not 
broken even at the time of being heated rapidly up to a high temperature over 550 deg.C 
and can be used repeatedly and also has high reliability. 

SOLUTION: In this wafer heating device, which is composed of a disc-shaped ceramic 
substrate 2, the upper surface of which is a retaining surface 3 of a wafer W, and a 
resistance exothermic body 4 buried in its inside, the resistance exothermic body 4 is 
arranged at the distance of 0.02-0.6 time of the thickness T of the ceramic substrate 2 from 
a standard face 5, which is an under surface on the opposite side of the retaining surface 3. 
Also, the existing area (P) of the resistance exothermic body 4 is to form a roughly round 
shape, and the extreme circumference thereof is located within the distance of 35 mm from 
the side 6 of the ceramic substrate 2. 
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[Title of the Invention] Wafer Heating Device 
[Abstract] 

[Problem to be Solved by the Invention] 

A large-size wafer heating device is to be provided 
that is not damaged when rapidly heated to a high 
temperature of no less than 550°C and that can be 
repeatedly utilized with a high reliability. 

[Means for Solving the Problem] When the lower surface on 
the side opposite to a support surface 3 for wafer W of a 
wafer heating device 1, wherein the upper surface of a 
ceramic substrate 2 in a disk form is used as the above 
described support surface 3 and wherein a resistance 
heating element 4 is buried in the substrate, is posited 
as a reference surface 5, the above described resistance 
heating element 4 is placed at a distance of 0.02 to 0.6 
time of the thickness T of the above described ceramic 
substrate 2 away from this reference surface 5, the region 
P wherein this resistance heating element 4 exists is 
approximately circular and the most outer periphery thereof 
is located at a distance within 35 mm away from the side 
surface 6 of the above described ceramic substrate 2. 
[Scope of Claim for Patent] 
[Claim 1] 

A wafer heating device 

characterized in that the upper surface of- a ceramic 



substrate in a disk form is used as a support surface for a 
wafer and a resistance heating element is buried in the 
substrate; 

when the lower surface on the side opposite to said 
support surface is posited as a reference surface, said 
resistance heating element is placed at a distance of 0.02 
to 0.6 time of the thickness o'f said ceramic substrate away 
from the reference surface; 

the region wherein this resistance heating element 
exists is approximately circular; 

the most outer periphery thereof is within 35 mm from 
the side surface of said ceramic substrate. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 

The present invention particularly relates to a wafer 
heating device used in a film formation device, such as for 
plasma CVD, low pressure CVD, optical CVD, PVD, or the 
like, and used in an etching device, such as for plasma 
etching, optical etching, or the like, in a manufacturing 
process for a semiconductor devices. 

[0002] 

[Prior Art] 

Chlorine-based, or fluorine-based, corrosive gases 
have conventionally been utilized as gases for deposition, 
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gases for etching or gases for cleaning in film formation 
devices, such as for plasma CVD, low pressure CVD, optical 
CVD, PVD, or the like, and in etching devices, such as for 
plasma etching, optical etching, or the like, utilized in a 
manufacturing process for a semiconductor devices. 
[0003] 

In addition, a stainless steel heater in which a 
resistance heating element is incorporated has been 
utilized as a wafer heating device for holding a 
semiconductor wafer (hereinafter referred to simply as 
wafer) in . the atmosphere of the above described gases and, 
at the same time, for heating the wafer to a process 
temperature. 
[0004] 

There is a problem, however, wherein the stainless 
steel heater becomes corroded and becomes worn down when 
exposed to the above described corrosive gases so that 
particles are generated. 
[0005] 

On the other hand, though a wafer heating device may 
be formed of graphite having a relatively excellent 
resistance to corrosion from corrosive gases wherein this 
wafer heating device is indirectly heated by means of an 
infrared lamp installed outside of the chamber, there is a 
problem wherein heat efficiency is poor in comparison with 



a wafer heating device with direct heating. In addition, 
there is also a disadvantage wherein a film is deposited on 
the wall surface of the chamber of a film formation device 
and the occurrence of heat absorption by this film prevents 
the wafer heating device from being heated. 
[000 6] 

Therefore, in order to solve such problems, a ceramic 
heater wherein a resistance heating element made of a high 
melting-point metal is buried in a dense ceramic substrate 
in a disk form has been proposed as a wafer heating device 
(see Japanese unexamined patent publication H4 (1992)- 
101381) . 
[0007] 

[Problem to be Solved by the Invention] 

In recent years, the outer diameter of wafers has 
increased, from six inches, to eight niches and to twelve 
inches, together with an increase in the integration of 
semiconductor devices and, as wafers have increased in size, 
large-scale wafer heating devices have become required. 
[0008] 

In addition, the temperature to which wafers are 
heated has increased year by year and the conventional 
temperature at which wafers are processed has increased 
from approximately 400°C to 550°C, and, further, to no less 
than 850°C, and, furthermore, a wafer heating device 



allowing rapid increase in temperature in order to enhance 
production efficiency has become required. 
[0009] 

There is a problem, however, wherein thermal stress 
generated in a ceramic heater, of eight inches, or larger, 
becomes great and, thereby, the ceramic heater cracks 
easily at the time of increase in temperature when the 

ceramic heater is heated up to 550°C, or higher. 
[0010] 

[Purpose of the Invention] 

A purpose of the present invention is to provide a 
large-size wafer heating device that does not crack even 
when rapidly heated to a high temperature of no less than 

550°C and that can be repeatedly utilized with a high 

reliability. 

[0011] 

[Means for Solving the Problem] 

The present inventors have conducted extensive 
research concerning the causes of cracking in a wafer 
heating device comprising a ceramic heater in which a 
resistance heating element is buried and have found that 
the region in which the resistance heating element exists 
inside of the ceramic substrate and the position in which 
the resistance heating element is buried play a role in 
the causes of cracking. 



[0012] 

That is to say, as for a wafer heating device in 
which the upper surface of a ceramic substrate in a disk 
form is used as a support surface for a wafer and a 
resistance heating element is buried in the substrate, the 
wafer heating device according to the present invention is 
characterized in that when the lower surface on the side 
opposite to said support surface is posited as a reference 
surface, said resistance heating element is placed at a 
distance of 0.02 to 0.6 time of the thickness of said 
ceramic substrate away from the reference surface and the 
region wherein this resistance heating element exists is 
approximately circular and the most outer periphery thereof 
is within 35 mm from the side surface of said ceramic 
substrate. 
[0013] 

Here, the resistance heating element of the wafer 
heating device according to the present invention may have 
any heater pattern and it is preferable for the form of the 
region wherein the resistance heating element exists to be 
an approximately circular form in order to uniformly heat a 
wafer of an approximately disk form. . In addition, the 
distance between the most outer periphery of the resistance 
heating element and the side surface of the ceramic 
substrate means the distance between the most outer portion 



of the resistance heating element in the heater pattern and 

the side surface of the ceramic substrate. 

[0014] 

[Embodiments of the Invention] 

The embodiments of the present invention are 
described below. 
[0015] 

Fig. 1 is an oblique perspective diagram showing a 
wafer heating device 1 of the present invention that is 
referred to as a susceptor, Fig. 2 is a cross sectional 
view along line X-X of Fig. 1, and Fig. 3 is a pattern 
diagram showing the heater pattern of resistance heating 
element 4 . 
[0016] 

This wafer heating device 1 comprises a dense ceramic 
substrate 2 in a disk form, of which the upper surface is 
used as a support surface 3 of a wafer W and in which a 
resistance heating element 4 is buried. The thickness T of 
ceramic substrate 2 is, in general, approximately 5 mm to 
25 mm and when the lower surface on the side opposite to 
the above described support surface 3 is posited as a 
reference surface 5, the above described resistance heating 
element 4 is placed at a distance of 0.02 to 0.6 time the 
thickness T of the above described ceramic substrate 2 away 
from this reference surface 5. 



[0017] 

The heater pattern of this resistance heating 
element 4 is in a spiral form, as shown in Fig. 3, from the 
center to the outer periphery, and is. formed so that the 
region P wherein resistance heating element 4 exists is in 
an approximately circular form, and so that a wafer in an 
approximately disk form can be uniformly heated. 
[0018] 

Here, one end of resistance heating element 4 
positioned at the center of the heater pattern is connected 
to an external terminal 7 that is secured through brazing 
in the vicinity of the center of reference surface 5, and 
the other end of resistance heating element 4 located at 
the periphery of the heater pattern is connected to another 
external terminal 7 secured through brazing in the vicinity 
of the center of reference surface 5 via a conductor 8, 
provided as a layer below the above described resistance 
heating element 4, so that a voltage is applied between the 
two external terminals 7 and, thereby, resistance heating 
element 4 is made to emit heat so as to heat wafer W 
mounted on support surface 4. 
[0019] 

In addition, a cylindrical support for the 
installation of wafer heating device 1 within a chamber and 
for preventing the above described external terminal 7 from 
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being exposed to a corrosive gas within the chamber is 
denoted as 9. 
[0020] 

Here, the position in which resistance heating 
element 4 is buried is at a distance of 0,02 to 0.6 time 
the thickness T of ceramic substrate 2 away from reference 
surface 5 of ceramic substrate 2 because a position at a 
distance greater than 0.6 time the thickness T of ceramic 
substrate 2 away from reference surface makes resistance 
heating element 4 too close to support surface 3 of wafer W 
so that the temperature difference between the portion of 
support surface 3 wherein resistance heating element 4 is 
positioned and the portion of support surface 3 wherein 
resistance heating element 4 is not positioned becomes too 
great, and the temperature dispersion in support surface 3 
exceeds ±1% so as to prevent uniform heating because of 
temperature dispersion due to the dispersion in the 
resistance of resistance heating element 4. On the 
contrary, the position at a distance less than 0.02 time 
the thickness T of ceramic substrate 2 away from the 
reference surface allows a great heat stress to be applied 
between resistance heating element 4 and support surface 3 
of ceramic substrate 2 at the time of rapid temperature 
increase and, thereby, ceramic substrate 2 easily cracks, 
which cracks have a starting point in reference surface 5 
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as shown in Fig. 4(a). 
[0021] 

In addition, it is important for distance L between 
side surface 6 of ceramic substrate 2 and the most outer 
periphery of resistance heating element 4 to be within 35 
mm in order to implement a rapid temperature increase. 
[0022] 

This is because, a large heat stress is applied 
between side surface 6 of ceramic substrate 2 and 
resistance heating element 4 in the case that the distance 
L between side surface 6 of ceramic substrate 2 and the 
most outer periphery of resistance heating element 4 is 
greater than 35 mm such that cracks occur, in ceramic 
substrate 2, having a starting point in side surface 6 as 
shown in Fig. 4(b). In addition, in the case that the 
external diameter of ceramic substrate 2 is equal to, or 
slightly smaller than, wafer W, region P wherein resistance 
heating element 4 exists becomes too small in comparison 
with wafer W, so that there is a disadvantage wherein the 
uniformity of heating in the periphery portion of wafer W 
is lowered and so that chips cannot be fabricated in this 
periphery portion. Here, it is difficult, from the point 
of view of manufacture, to make distance L between side 
surface 6 of ceramic substrate 2 and the most outer 
periphery of resistance heating element 4 less than 0.5 mm. 
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[0023] 

Accordingly, a distance L, between the side surface 6 
of ceramic substrate 2 and the most outer periphery of 
resistance heating element 4, of 0.5 mm to 35 mm is 
desirable . 
[0024] 

Here, though in the present embodiment a spiral form 
is cited as an example of a heater pattern of resistance 
heating element 4, the heater pattern of the present 
invention is not limited to this spiral form but, rather, a 
variety of heater patterns, as shown in Figs. 5(a) and 5(b) 
for example, may be adopted as long as the form of region P 
wherein resistance heating element 4 exists is 
approximately circular. 
[0025] 

On the other hand, alumina, silicon nitride, sialon 
or aluminum nitride, which are very resistant to wear and 
to heat, may be used as the material for ceramic substrate 
2 forming wafer heating device 1 and, in particular, 
aluminum nitride, from among them, having a high heat 
conductivity, of no less than 50 W/mk and, in some cases, 
of 100 W/mk, and being excellent in resistance to fluorine- 
based or chlorine-based corrosive gases, as well as in 
resistance to plasma, is suitable as the material for 
ceramic substrate 2. 



[0026] 

In addition, a material in the form of a wire or of a 
chin sheet film may be used for resistance heating element 
4 buried in ceramic substrate 2 and the thin sheet film is 
more preferable than wire in the point that the time 
required for increasing the temperature can be shortened. 
Furthermore, a high melting-point metal, such as tungsten, 
molybdenum, rhenium or platinum, an alloy of these metals, 
or a carbide or a nitride of elements of groups 4a, 5a or 
6a of the periodic table may be used as the material for 
forming resistance heating element 4, and a material which 
differs slightly from ceramic substrate 2 in thermal 
expansion may be appropriately selected and utilized. 
[0027] 

As for a method for manufacturing such a wafer 
heating device 1, in the case that resistance heating 
element 4 is in a thin sheet film form, first., a binder, a 
solvent and the like are added to a ceramic powder for 
forming ceramic substrate 2 so as to prepare a slip and a 
plurality of green sheets is formed by means of a tape 
formation method, such as a doctor blade method, and, after 
that, several green sheets are layered on each other in 
advance and a paste for forming resistance heating element 
4 is spread thereon by means of a screen printing machine 
in a heater pattern having a spiral form, from the center 
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to the outer periphery, as shown in Fig. 3, wherein region 
P in which resistance heating element 4 exists is in an 
approximately circular form. 
[0028] 

Then, the remaining green sheets are layered thereon 
in order to manufacture a green sheet layered body and, 
after that, the green sheet layered body is cut into a disk 
form. Here, in this layering process, a design is 
necessary wherein the position in which resistance heating 
element 4 is buried is at a distance of 0.02 to 0.6 time 
the thickness T of ceramic substrate 2 away from reference 
surface 5, and wherein distance L between side surface 6 of 
ceramic substrate 2 and the most outer periphery of 
resistance heating element 4 is no greater than 35 mm, 
taking the contraction of the green sheets after sintering 
into consideration, 
[0029] 

After that, the above described green sheet layered 
body is sintered at a temperature such that a ceramic 
powder may be sintered and, thereby, ceramic substrate 2, 
in which resistance heating element 4, in a thin sheet film 
form is buried, is formed and, after that, a polishing 
process is carried out on the upper surface of ceramic 
substrate 2 so as to form support surface 3 of wafer W and, 
at the same time, a polishing process is carried out on the 
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lower surface in order to form reference surface 5 and two 
underside recesses that reach to the above described 
resistance heating element 4, respectively, are provided in 
the vicinity of the center of this reference surface 5 and, 
after that, resistance heating element 4 and external 
terminals 7 may be electrically connected by brazing 
external terminals 7 through these underside recesses. 
[0030] 

In addition, in the case that resistance heating 
element 4 is a wire, first, a binder, a solvent and the 
like are added to a ceramic powder for forming ceramic 
substrate 2, and are mixed, kneaded and dried and, after 
that, are granulated so that granules are manufactured. 
These granules are filled into a metal mold of a disk form 
and a trench is created by means of an upper punch and, 
after that, the wire for forming resistance heating element 
4 is installed in this trench in the heater pattern of a 
spiral form, from the center to the outer periphery, as 
shown in Fig. 3, wherein region P in which resistance 
heating element 4 exists is in an approximately circular 
form and, in addition, granules are filled in and, then, 
hot press formation is carried out. so that ceramic 
substrate 2, in which resistance heating element 4 in the 
form of a wire is buried, is formed. 
[0031] 



After that, a polishing process is carried out on the 
upper surface of ceramic substrate 2 so as to. form support 
surface 3 of wafer W and, at the same time, a polishing 
process is carried out on the lower surface in order to 
form reference surface 5 and two underside recesses that 
reach to the above described resistance heating element 4, 
respectively, are provided in the vicinity of the center of 
this reference surface 5 and, after that, resistance 
heating element 4 and external terminals 7 may be 
electrically connected by brazing external terminals 7 
through these underside recesses. 
[0032] 

Here, though Fig. 1 shows wafer heating device 1 
provided with only resistance heating element 4 inside of 
ceramic substrate 2, the present invention may, of course, 
be provided as a wafer heating device wherein an electrode 
10 in a film form for electrostatic absorption or for 
plasma generation may be buried between support surface 3 
of wafer W and resistance heating element 4, as shown in 
Fig. 6. 
[0033] 
(Example 1) 

Here, wafer heating devices 1 of Fig. 1 are prepared 
wherein the positions in which resistance heating elements 
4 are buried vary and experiments have been carried out 
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with respect to the temperature dispersion of support 
surfaces 3 and with respect to crack generation ratios of 
ceramic substrates 2 at the time when heat cycles were 
applied. 
[0034] 

In the present experiment , heating devices were used 
wherein ceramic substrates 2, in a disk form having 
external diameters of 300 mm and thicknesses T of 17 mm, 
were formed of sintered bodies of aluminum nitride having a 
purity of 99.9% and wherein resistance heating elements 4 
made of tungsten in a sheet film form were buried in the 
substrate. In addition, the heater pattern of resistance 
heating elements 4 was in the spiral form as shown in Fig. 
3 and was formed so that the regions P wherein the heating 
elements exist in approximately circular forms, and 
distance L between side surface 6 of a ceramic substrate 2 
and the most outer periphery of a resistance heating 
element 4 was 10 mm. 
[0035] 

Then, a voltage was applied to wafer heating devices 
1 of which the positions wherein resistance heating 
elements 4 are buried vary, and the heating devices emit 
heat so that the saturation temperature becomes 850°C and 
the temperature distribution on support surfaces 3 was 
measured by means of a Thermoviewer (brand name) , and the 
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difference between the maximum temperature, and the minimum 
temperature was translated into a certain per cent relative 
to the average temperature. 
[0036] 

Next, 30 wafer heating devices 1 with each of the 
various positions wherein resistance heating element 4 is 
buried were prepared and were heated to 850°C at a warm-up 
rate of 50°C per minute and, after that, 500 heat cycle 
tests wherein this saturation temperature is maintained for 
two hours and cooling to 150°C is subsequently carried out 
were performed and, after that, the crack occurrence' ratios 
were measured. 
[0037] 

The results, respectively, are shown in Table 1. 

[0038] 



[Table 1] 



No 


Distance T between 
reference surface 
and resistance 
heating element 


Temperature 

dispersion 

(%) . on 

support 

surface 


Crack occurrence 
ratio (%) of 
ceramic 
substrate 


*1 


0.9T 


3.3 


0 


*2 


0 . 8T 


2.0 


0 


3 


0. 6T 


1.0 


0 


4 


0 . 4T 


0.7 


0 


5 


0.2T 


0.6 


0 


6 


0.1T 


0.5 


0 


7 


0.05T 


0.3 


0 


8 


0.02T 


0.4 


0 


*9 


0. 015T 


0.4 


3.3 


*10 


0.010T 


0.3 


6.6 


*11 


0.005T 


0.3 


13.3 



17 



The * symbol indicates a result outside of the scope of the 
present invention . 

[0039] 

The results show that the temperature dispersion of 
support surface 3 can be restricted to 1.0 %, or less, in 
the case that the position wherein resistance heating 
element 4 is buried is at a distance less than 0.6 time of 
the thickness T of ceramic substrate 2 away from reference 
surface 5 of ceramic substrate 2. 
[0040] 

Here, in the case that the position wherein 
resistance heating element 4 is buried is at a distance 
less than 0.02 time of the thickness T of ceramic substrate 
2 away from reference surface 5 of ceramic substrate 2, 
cracks in ceramic substrate occur. 
[0041] 

As a result of this, it is understood that the 
position wherein resistance heating element 4 is buried may 
be at a distance of 0.02 to 0.6 time of the thickness T of 
ceramic substrate 2 away from reference surface 5 of 
ceramic substrate 2. 
[0042] 
(Example 2) 

Next, the position wherein resistance heating element 
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4 is buried was set at a distance of 0.1 time the thickness 
T of ceramic substrate 2 away from reference surface 5 of 
ceramic substrate 2 and 30 wafer heating devices 1 were 
prepared with each of various distances L between side 
surface 6 of ceramic substrate 2 and the most outer 
periphery of resistance heating element 4 and were heated 
to 8 50°C at a rate of 50°C per minute in the same manner as 
in example 1 and, after that, 500 heat cycle tests wherein 
this saturation temperature is maintained for two hours and 
cooling to 150°C is subsequently carried out were performed 
and, after that, the crack occurrence ratios were measured. 
[0043] 

The results, respectively, are shown in Table 2. 

[0044] 



[Table 2] 



No 


Distance T between side 
surface of ceramic 
substrate and 
resistance heating 
element 


Crack occurrence ratio 
of ceramic substrate (%) 


1 


10mm 


0 


2 


20mm 


0 


3 


30mm 


0 


4 


35mm 


0 


*5 


4 0mm 


3.3 


*6 


4 5mm 


10.0 


*7 


50mm 


13.3 



The * symbol indicates a result outside of the scope of the 



present invention . 
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[0045] 

The results show that no cracks occur in ceramic 
substrate 2 in the case that distance L between side 
surface 6 of ceramic substrate 2 and the most outer 
periphery of resistance heating element 4 is within 35 mm. 
[0046] 

[Effects of the Invention] 

As described above according to. the present 
invention, as for a wafer heating device in which the upper 
surface of a ceramic substrate in a disk form is used as a 
support surface for. a wafer and a resistance heating 
element is buried in the substrate, when the lower surface 
on the side opposite to said support surface is posited as 
a reference surface, said resistance heating element is 
placed at a distance of -0.02 to 0.6 time of the thickness 
of said ceramic substrate away from the reference surface 
and the region wherein this resistance heating element 
exists is approximately circular and the most outer 
periphery thereof is within 35 mm from the side surface of 
said ceramic substrate and, therefore, the wafer heating 
device is not damaged by heat stress even when rapid 
heating is repeated, and the uniformity of heating of the 
support surface of wafer W can be enhanced. 
[0047] 

Therefore, when wafer heating device of the present 
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invention is used, the film formation rate and the etching 
rate can be enhanced and the production efficiency of 
semiconductor devices can be increased and, moreover, 
semiconductor devices of a high quality can be constantly 
provided. 

[Brief Description of the Drawings] 

Fig. 1 is an oblique perspective view showing a wafer 
heating device of the present invention referred to as a 
susceptor; 

Fig. 2 is a cross sectional view along line X-X of 
Fig. 1; 

Fig. 3 is a pattern diagram showing a heater pattern 
of the resistance heat-ing element; 

Figs. 4(a) and 4(b) are pattern diagrams showing the 
situation of ceramic substrates wherein cracks have 
occurred; 

Figs. 5(a) and 5(b) are pattern diagrams showing 
other heater patterns of the resistance heating element; 
and 

Fig. 6 is a cross sectional view showing another 
wafer heating device of the present invention. 
[Explanation of Symbols] 

l...wafer heating device, 2...ceramic substrate, 3...support 
surface, 4...resistance heating element, 5...ref erence surface, 
6...side surface, 7...external terminals, 8...conductor, 



9...cylindrical support, 10..jneiubranous electrode, 

W...semiconductor wafer 
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[0007] 

y^-X'h-itzi^coifia^ 1 2 4 ^f-t^:l=</fo 



[0 0 08] i/c, , >x>'N«oin»ajKt^-*±#L. fig 

*4 0 0*Cg^T-fcr>7ttOA^ 5 5 0*C. £i>Cfi:8 

5 o rja±o*a-c«ias ft. ft «t o CSr 9 . ? e> lzl±&. 

[0 0 09] L*»L^r*^, 8 4 ^JJltO*^ S2:3r 
■r^-fe^S v?h-*-£5 5 0^JJU:*5ffl*fc:$6JRS 
•tfrftt. #iSH#£*7$»/?b-:7-rt£&£-f 4S&E 

C0010-] 

[*"»0I«] *$$9i©BWti, 5 5 0*CliLtoS5zSl;: 
:i^K#?gLTi»fft.ri:a*&<, ^OilUOTT 

tcSr.4. 
[0011] 

# & SIS L fc-t 7 5 -y ? b - ? - ft ? x; \&nf&3£ 

[0012] flPt>. *JHBU. R»tt& Lfc* 7 S J? 

frSrSIStT^ft^x^NjDl^Sfcfcv^T. ±lfi«^ffi 

.Sy^ift^«00. 0 2 — 0. 6fgc7)ggS|(CH!iieffi 
ffi^#£ISB-$-ft fc 1 IC. C COffii3tm»«s<50#?Effl 

(Dfflmfrk 3 5 mmJ^^SESKCfflg^-ft «fc o CC L^cCl 

[ 0 0 1 3 ] *JMBfl5»>X/NjiS«8»{i % 

7$ •y?S#«Offl!l®2T-c7)SB§li:l:L b-^— ^n'^-v 

#<Offl!lffi ± T'COSE^CO d b X'fr ft . 
[0014] 

UtBJ-r ft . 

[0015111 li-f-ty^ b 

H. @3iSffitit^l*4(7)b-^WN-^->S r ^-t^ 
HIT-ftft . 



[0016] cco^x/Njoi^a i «, nstt? t^s 

j»S3fc- Tft j: fcfatc. fc»a»!fcWe4 8rg» 

tTfeft.|| -fe7$-y^g#:2CTg^T(ji§^5 — 2 5m 

mm&x\ ±te«^a 3 i s^ffls^T® zmmm 5 1 



(3) 
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0. 02-0. 6^^fc«rlE»iJEI%JKi*4«-E«L 
[0 0 1 73 wOjStWHMMcob-* w\-^-y<i. 

* . 

[0 0 18]**$. t-f-Jtf-Wp&lZtilS-ti, 

f?S£ Lfc^SMfr? 7 1 ffiHK- 5 1 1 t> fc. b- ? -n 
»«3M&*4 J: DT«fc»»tfcSe*8Sr^LT»Plif5 

MUfcO. m\-u^-i i,z%^m\m,ztx-m. 

[0 0 19] 4fc. 9U^xy\taMaHiifr^w(-. 

cOJg&tfctf * tcW $ *l* CO £ fifi <"jfc#><0 RfU1£3a$#T- 

[0020] t i %T» ®fit&J5&#4 coiligffigSr „ -fe 
7S7?i*2 co^2£® 5K-t5S'/^ gffc 2 coJ5^ 
TcoO. 02—0. 6fgcoS§gih-r4cO{±. -fe^S y? 
2 comX-TCT) 0 . 6 J: 0 ±T(i . &£H&&ffc 4 # 

^x/»Nwco^ffi3icscf^-rri>^, &fitsB&#4 

**&E-fi.fi^®3±fc, fittfB»»4eO*V^«»IB3 
±tcoiSS^*^S < $r O-^rs £ i: t> lc, Sia^Svfr 

4 <Dft-o&W < 5 >y (cff 5 SUE/t? V * JC «fc -5 T , « 

ix£>*>ftT-J>>,, S&. -b7S>y7a#:2c0Ji^Ttf0 
0 . 0 2fg«fc OTT'ti. ^#&B$££&i*t%ft4 fc-te 
•5 5 ••/ ? S# 2 coffin® 3 i: coH^^: £ *gftJE^j A*Jd*> 
0,04 (a) l=*r«t-3*S2»H5 5rg.# > i:r6-b7 
$ •/ 9 m& 2 «*Wt* < *»4>T* 4 . 
C002 1 ] 4fc. «a#ffltieSfSfe«>fcHi. -t7 

5 -/ ? Sffc 2 cofMffi 6 *» StfR&ft: 4 co^WH 4 T<0 
E£M L £ 3 5 m m &|*) t ? h Z t ifiWg ?t> h . 

[00 2 2] Zixit. •y7S»2cO(SI®6*^S 
«t«M&*4<»*«.ffl4rwffiKL*J3 5 rami 9±#< 

-fe7S •y?Stis2CO{|iJE6 tmm&>&4 fcco 
ratc^^^rSijc^i^'toO. E14 (b) -5 Srtffl 

®6 Srgj&fc-fS-fe? 5 >y ?Sft2cOf>Jft#&£-f 
<oT'£>&. L*>4>. t7i •x^S*2c0^hS^'7x/NW 

J)I.v^7xawJ: OS^h^tve-g-. 3£Si3& 
8&*4tJDflRaH«Pi#'>xv\WJ: <*9-f 

^WhhfrhT'hb. fcrtfU t7i •y^S*2coiUE 
6*>ioStS^»f*:4cOfi^^4T-<08g|iLSr0. 5 mm 



[002 3] ^T, -b55 »/?g*2<OfflJ®6a»£ig 
«3BKt*4Of»hH4T-«)ffi«LJi0. 5-35mmt 

[0024] Srfc. *5«ftJBJBT'tt. Sifci%S*#4c0b 

*& B Mco t.-9-jt?-y\±z covi^ # Liz t co/o* 
WcESS$il&t,cOT'ii:*<. fflilf. 05 (a) 
(b) CCTjrfJ: 5*S4$'4*t-^-/'^-y2:^ffl 
-ThZk . SJ5t^sfc*4 co^E^HgP <0»«W* 

[0025] ^xyNjBKSea 1 filtrs-fe 5 5 

r;w = -7-, afloat. tMroy. M-fkryusx^AS: 
ffl v ^ z t * 5 t- * . z<7>*X'i>m \zmxcr>\> $ - u± 

5 OW/mkJJLt, $ cilcii 1 0 OW/mkfcLtcOJ^i 

ft, •fc7$-y?g#:2co#«£LT8TgT'*>6. 
[0 0 26] 47t. -fe^S •y^S«£2ici!S-ri,»ia;% 

^^-hMcO*^»4Lv\. $ftC £ftft%fe4£fll 
^■i>*f«t LT(S. ?y^fv, t'jrf^. bx 
i^A. e^coiSSl^g-^witftco-^. 3b^v><i 
^BXWim4 aiS. fg5 ag|, a&cO^t^M-ft 
^Srffl^Sdt^T^. -fe5S -y^S(*2 tcO»JgJ5SII 

[0027] Cicoi -3 ^X/NflnSfcgg 1 i-^ - 

(i, 4-f, -fe7S-y^«*2^*-r-t7£-y^«}5l5i^ 

u-vm*t'<r)T-yimmiz± vwm&rv-vi' 
i , zoimizmmsafo a $r *-r^-x h 9 y - 

^ffl^fcTSfitSB!^4oa=tt««P*«*n»& L/C 
0 3 tc^rT ft^hJ^^I^]^ -3 M« * 4Sco b - 9 -/ < 

[0 0 28] -E-LT, %k*)c07V-yi<—h$:m®LX 

-5.. **3, ClcOSiiXgCiJV^, ^^co^'J->>- 
- Nc^JR^5-#SLTSa:^m4cOSSffiSA l 'S^® 
5*>ft-fc7 5 -y^£#:2co^TcO0. 0 2—0. 6fg 
coSiSttC&g-f 6 fc tC> -tr5 S >y7m#2<VMW6 
A^fiiaS&SWMtSftWB 4t*c08B8L#3 5mmtlT 

[0 0 29] Lt&^co^. -fe7S •y?®ttmgiZ-ttZ 

ztifx-z hiM&i.zxi.iif'v-yi'-bmmtiizmfS. 

-fZ>Ztl,zJ:>0. H^-hK#coffiijt&»ffc4£JIf£ 



(4) 
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2 «±IitcgfJS;!rai£Si LT ^x^w^filft® 3 £ 

&f$.L, z <r>mmw 5 <3+*ttate±E»fitw!M* 4 r 

[ 0 0 3 0 ] ifefe. ffl9tf6S»*43WM5jT'ft«.i*Cii. 
4r. -t5 5y^»|c2t«rf-fe5Sv^»*t:. A-f 

£»^£PM^*Lfeafflrtfc:3fc«LT. 

[003 1 ] LA>&<0^ •fe7S-/^*«s2cO±M^W 

*S 5 o+^ffifcJJHftiftSKMM fclOH-ft 200 
Tyt£ tl&Wi Lfe£> i . znTftlzft&W?- 7 £ 

[0 0 3 2] =Sr*>. ^lT-{i-fe5S-yi?S*2cOP t g^c 
»Ut^y»«s4<o^S:(ii^:'>JO'Naigssisi fcov%T^ 

t LTO^Kmfiil 0£JII£Lfek<Z>T-S>oTi,mvr 

[00333 ( mmm d zzx\ ws&m#4 nm.m 

[0 0 34] ^SUTCii, ^S3 0 0mm. WX-T 1 7 
mmORgtt£l,feHr7$ -y:7S#2£. fc£S99. 9 

ikLtcLmzmmLtz. sfe. &$cm&#4cot--?- 
w-M&p&wAPiMPimi Ltim3<,z7Ktmmz 

tkL. -fe^S -/^**2Oll!l®6*^ffifiifKW*:4<0 
fyhJ^tT'OiegLS: 1 Ommfc L£. 
[0035]-?- LT. «tSWft«c4<0«»{ia&»^4, 
•frfe^JO^MfegS 1 tt£Ez:EpioLTtS3foSJK*<8 5 

^W^iBJKWt LTM%T-S>S Lfe. 
[0036] act. JK06»*4oaSfiBI<&*ar<?>* 

\&ossga i sr # 3 o mriimm. u 50 *c/# 



!5S®l$r 5 0 OiM 7Mrofe*fc<o«*iJ6£i|it»jgi, 
fe. 



[0037] *ti*tiettm&t 1 cc^-ra ot&s. 

[0038] 

cm] 



No 








1 


0. 9 T 


3. 3 


0 




0 . 8 T 


. 2. 0 


0 


Q 
O 




1 n 


0 


4 


0. 4 T 


0. 7 


0 


5 


0. 2T 


0. 6 


0 


6 


0. IT 


. 0. 5 


0 


7 


0. 0 5T 


0. 3 


0 


8 


0. 0 2 T 


0. 4 


0 




0. 0 1 5T 


0. 4 


3. 3 




0. 0 1 OT 


0. 3 


6. 6 


mi 


0. 0 0 5 T 


0. 3 


1 3. 3 



[0039] £«>sml aaj»s^4tf>fflRffi*a t -te9 

00. 6fgJ: O/JvSU&BT'li. «»ffi3t*5tt&ffiJe 

-y^r S- 1 . 0 %UTtCpi 4 d i: **T'# S . 
[0040] fefeU ffifit^*40^(iia* I -fe7 S 
•y 9 Wfo 2 CO«2§6M 5 frh -fe 7 5 -y 7 ttflc 2 WJi^T<7D 

0. 0 2#Jr9^S<*|)ry4t. -fe55-y^a«c2 

[004 1 ] »CiyMl*40SiS{!ig{i, -fe 

7 $ -y ^ 2 <7)aiS® 5 *» 4> -fe 7 5 v 9 Si* 2 <T>M.?t. 
TCOO. 0 2~0. 6fg0^tKam{f^OC:i:# 
«*. 

[0042] immm2) mz, mn^m4<omB.o. 

lftwBEKtSkjeL. -fe^S-y^S* 
2 <?5{PJ® 6 & Sia^.^ 4 coS^if 4 T-O805I L $: -e 
^-e-'il^-ft^^Ox/NjaiaSia 1 Sr^-3 OJS-^-PfflS 

1 . mmm 1 1 ra«u= 5 o-c/^o^r-s 5 o-c^t- 

#iSLfc?)t. £Of&ft&JgT-2Bffi}£i#u -f-Oftt 
1 5 O-CST-^fil-rSB-^-f 5 0 0^-Y 

o fe* i OSVl^m t fe . 
[0043] *ft-f;h.OS£3UiS 2 tc^-fa >5 T'*4 . 
[0 044] 
[«2] 
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NO 






1 


1 0 mm 


0 


2 


2 0 mm 


0 


3 


3 0 ram 


0 


4 


3 5 mm 


0 


&5 


4 0 mm 


3. 3 


&6 


4 5 mm 


1 0. 0 




5 0 mm 


1 3. 3 



[0 04 5] dOS&H, *5S7;S*2«6M 
fl&BHNtfM «5*JWB 4T«>BtL £ 3 5 m mJill*] fc-f 
tlli -b 7 5 -x 7 S# 2 icfijfl £ £ t $ i t **=Sr*» o . 

[0046] 

[ffcBj§?)*&3>] JSLhtfoidk:, '*ft0JC£*Uf. Rfig# 

v^T, Jje««fB8t»4R«ffllOTKSrSJ|fcIHi:L. t££ 
^®* J ^JilSH27 S v^SttOff^OO . 0 2-0. 6 
eoffillK|irffilft«il6S»»S:Satr&4: t tie, ±IEffi 

S -y^SttcOffll®*^ 3 '5mmJairt<0K«fc:aa 



[0047] ^RWfo^xyNiifflsasai^fflv^n 
[Hi ] ^•fer^tDftmiafcft^o^xyNjiBiaaiS' 

[02] 01<OX-X&lftffi0-t'J>.i>. 

[03 ] mmm¥cr>^-9-j^-y^-tmmx' 
( 04 ] ( a ) ( b ) i*fe 7 5 * 

[05] (a) {bYltK89tBtM>nmt.-*--W 

hh. 

1 ■ • • «7xysJ[lJ^Jl x 2 ■ • • -fe5S 

3 • • • s**®, 4 • • • sft&fefe, 5 • • • as* 
®, 6 • • • nriBs 7 • • • fl-am?. 8 • • • m 
9 ■ ■ • iwraa**. i o • ■ • 'nmn, w • 




[03] 




